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system, and could used i n  the  Power Conversion System (PCS-G) f o r  the 

Combined System Test (CST). 

The NaK and mercury i n l e t  and ou t l e t  por t s  were redesigned f o r  

higher allowable interface loads. 

redesigned f o r  a lower pressure drop. 

i n l e t  was  made t o  obviate the need f o r  a bellows as well as t o  incorpor- 

The NaK side of the condenser was 
A modification of the  mercury 

ate an evacuation por t  f o r  removing noncondensible gases from the Rankine 

loop. 

of attachment t o  the PCS. 

The existing design w a s  'also modified t o  incorporate the  new method 

This design review i s  a presentation of the  above changes tha t  

w i l l  be applied t o  two existing condensers. 
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I. INTRODUCTION 

There a re  currently two (2)  condensers, P/N 093043, B/U 3/1 and 4/1, 
available f o r  the  SNAP-8 Power Conversion System (PCS). However, changes i n  

the PCS design dictated tha t  these condensers required the following modifi- 

cations t o  make them acceptable: 

A. NaK and Mercury in l e t  and outlet  ports needed redesign fo r  

higher interface loads. 

B. NaK side redesign fo r  a lower pressure drop. 

C. Mercury i n l e t  redesign t o  obviate the  need f o r  a turbine assembly- 

to-condenser bellows as  w e l l  a s  t o  incorporate a n  evacuation port f o r  removing 

noncondensibles . 
D. A new method of attachment between the  condenser and the  PCS. 

This report covers t he  design e f for t  t o  accomplish the  foregoing 

modifications. 

11. DISCUSSION 

A. HISTORY AND STATUS OF CONDENSERS 

There were four (4) condensers b u i l t  for t he   SNAP-^ program. 

Each one's his tory and current s ta tus  is  as follows: 

1. P/N 093043-1 "B", S/N A-3, B/U 1/2, Log No. 1108, tube 

bundle P/N 092553-1. 

l e s s  s t e e l  and the mercury containment tapered tubes (73) were fabricated from 

9% chrome, 1% molybdenum (9M) s tee l .  

brazed t o  t he  headers. 

The condenser s h e l l  was fabricated from type 410 s ta in-  

The tapered tubes were welded and back- 

This uni t  had operated f o r  756 hours i n  t h e  SL-1 t e s t  

f a c i l i t y  pr ior  t o  being environmentally tes ted per NASA Specification 417-2 at  

the  NASA-LeRC Test Laboratory. 

shock) with no deleterious e f fec ts  (see TM 7996:70-624, dated 21 April  1970). 

This condenser i s  currently being held i n  s tores  as a spare fo r  t he  PCS-1 unit .  

The uni t  completed a l l  t e s t s  (vibration and 

2.  P/N 092500-1 "C", VEO #2393, S/N A-2, B/U 2/2, Log NO. 1034, 

tube bundle P/N 092553-1. A s  above, the  condenser she l l  w a s  fabricated from 
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type 410 s ta in less  s t e e l  and the mercury containment tapered tubes were welded 

and back-brazed t o  the  headers. 

This uni t  has been operating for 13522 hours i n  the  PCS-1 
t e s t  f a c i l i t y  through 31 March 1970. It is planned t o  continue operation 

during the  remainder of the  PCS-1 t e s t  program. 

3. P/N 093043-3 rtF", VEO fi.547, S/N A-1, B/U 3 / 1 9  Log NO. 1080, 
tube bundle P/N 092553-3. 

the  tapered tubes (73) a re  9M s tee l .  

t o  the  headers with no back-brazing. 

The condenser she l l  i s  type 410 s ta inless  s t e e l  and 

The tapered tubes were rol led and welded 

This uni t  has never been operated i n  any t e s t  f a c i l i t y  and 

i s  currently i n  stores.  It i s  one of t he  two condensers t ha t  w i l l  be modified 

t o  the  configuration described herein. 

4. P/N 093043-5, S/N A-1, B/U 4/1, Log No. 1-03> tube bundle 

The condenser she l l  i s  type 410 s ta in less  s t e e l  and the  tapered P/N 094620-1. 

tubes (73) a re  9M steel. 

headers with no back-brazing. 

The tapered tubes were ro l led  and welded t o  the  

This uni t  has operated i n  the  NASA-LeRC W-1 t e s t  f a c i l i t y  

f o r  2568 hours and 135 starts. 

has been "mothballed." This condenser i s  the  second unit  t ha t  w i l l  be modified 

t o  the  configuration described herein. 

It i s  currently i n  the  W - 1  t e s t  f a c i l i t y  which 

B. REDESIGN Rl3QUIREXXNTS AND GROUND RULES 

The redesign of the  condenser w a s  based on the  AGC Specification 

10625, Part I, darted 10 December 1968, "Condenser, Mercury, Prototype" with 

particular emphasis on the  following: 

1. Paragraph 3.2.1 of AGC Specification 10625 

The inlet  and outlet  service f l u i d  (NaK and Mercury) 

connections s h a l l  be capable of withstanding any combination of r ad ia l  and 

ax ia l  forces and bending and tors ional  moments at  the  maximum operating 

temperatures (9lOOF) and pressures (110 psia)  t ha t  the  connecting tubing i s  

capable of withstanding. Interface loads sha l l  not cause loss  of f lu id  contain- 

ment, excessive deformation, or any condition which would prevent t he  condenser 

from meeting the operating l i f e  (40,000 hours) or performance requirements. 
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2. Paragraph 3.1.1 of AGC Specification 10625 

The NaK s ide pressure drop s h a l l  be 4 f 2 PSID at  40,000 l b  

per hour NaK f l o w .  

3. Figure 1 of AGC Specification 10625 

The condenser envelope shall be such tha t  t he  mercury i n l e t  

s h a l l  be redesigned t o  obviate t h e  need f o r  a turbine assembly-to-condenser 

bellows. 

noncondensible gases f romthe  mercury 1.00~. 

i n l e t  and out le t  ports were coordinated with the  PCS-G design group. 

An evacuation port at  t h e  mercury i n l e t  s h a l l  be provided t o  remove 

Orientation and length of t h e  NaK 

4. The method of attachment between the  condenser and the  PCS 

w a s  coordinated with the  PCS-G design group. 

at  the  upper flange bol t  c i rc le .  

The condenser w i l l  be held only 

The ground ru les  t ha t  were established by the  SNAP-8 program 

f o r  t he  condenser are:  

a. The two exis t ing condensers, P/N 093043, B/U 3/1 and 4/1 
w i l l  be used for  t h e  redesign. 

be modified o r  replaced. 

The tube bundle, headers and NaK s h e l l  w i l l  not 

b. The modified condenser w i l l  be used a t  i t s  off-design 

operating point as cal led out by the  new PCS State  Point of 2 1  Apri l  1970. 

This operating point was tes ted  with t h e  condenser currently i n  PCS-1 and t h e  

r e su l t s  were reported by J. Hodgson i n  Memo 7994-70-1229. 

e. The two modified condensers w i l l  be acceptance t e s t ed  

but w i l l  not be t e s t ed  i n  a l iquid metal system. 

PCS-G and one w i l l  be held as a spare. 

One w i l l  be delivered t o  t he  

d. The environmental t e s t s  performed on P/N 093043-1. "B", 

S/N A-3, B/U 1/2 w i l l  su f f ice  a s  adequate proof t h a t  the modified condensers 

w i l l  meet the requirements of NASA Specification 417-2. 

assumption since the  tube bundle and NaK s h e l l  a re  unchanged and the service 

f l u i d  ports  a r e  designed t o  be stronger than t h e  unit  tes ted.  

This is  a reasonable 

e. Any redesign of a component s h a l l  be based on the  or ig ina l  

PCS-G s t a t e  point conditions, if pract ical ,  instead of t he  l e s s  severe conditions 

indicated by t h e  21 April  1970 s t a t e  point. 
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C. DESIGN mLYSES OF TXE CONDENSER MODIFICATIONS 

1. NaK Side Pressure Drop Analyses 

Appendix A outlines the  pressure drop analyses performed by 

A. J. Sellers.  Five cases were studied: 

a. The or iginal  condenser design which indicated a NaK 

side pressure drop of 10.62 PSID (Design A) .  

b. The modification of the  or iginal  design tha t  is  

currently operating i n  PCS-1 and has a calculated pressure drop of 4.20 PSID. 

The NaK i n l e t  flow deflector was deleted i n  t h i s  modification (Design B) . 
e. A fur ther  modification of Design B t o  reduce the 

pressure drop t o  a calculated 2.83 PSID. 

from 0.625 to 0.750 inches i n  diameter and the  i n l e t  and ex i t  manifolds a r e  

increased (Design C ) .  

The s h e l l  ex i t  o r i f ices  a re  increased 

d. A modification of the tube bundle w a s  added t o  a t t a i n  

uniform flow dis t r ibut ion i n  the  shell-tubes assembly. 

calculated pressure drop of 5.38 PSID (Design D). 

NaK manifolds and turning vanes i n  the NaK in l e t  manifold. 

This resulted i n  a 

This design included eccentric 

e. A modification of Design D i n  tha t  the NaK flow orif ic ing 

around the  mercury tubes t o  a t t a i n  uniform NaK flow w a s  omitted. 

drop was reduced t o  3.53 PSID (Design E) .  

The calculated 

It w a s  concluded tha t  Design C would be recommended with a 

minimum at ta inable  NaK side pressure drop and minimum rework a s  the  bases f o r  

the  recommendation. The ground ru l e  t h a t  the tube bundle and s h e l l  a r e  not t o  

be redesigned dictated the  degree t o  which the  NaK s ide pressure drop could be 

reduced. 

10625 i s  4 1 2  PSID, it can be seen tha t  Design C a t  2.83 PSID is acceptable. 

Since the pressure drop requirement as s ta ted i n  AGC Specification 

2. Detail  Design Modifications 

Figure 1 "Condenser, PCS-G" i s  the  assembly drawing of the  

modified uni t .  The following changes t o  the  or iginal  condenser were incorporated: 

a. The mercury i n l e t  and out le t  were removed. The NaK 

i n l e t  and out le t  were removed. This l e f t  t he  she l l  and tube bundle intact .  
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b. The small (0.125 in.  dia.) holes a t  the  NaK outlet  were 

repositioned t o  agree with the  low point bleed of t he  new NaK outlet  header. 

The 0.625 in. diameter NaK ex i t  holes (E) were enlarged t o  0.750 in .  diameter 

t o  decrease t h e  NaK pressure drop. 

e. The upper flange bol t  holes (6) were increased t o  

0.404 - 0.411 in .  diameter t o  accommodate the  new method of ins ta l la t ion  of the  

condenser i n  t h e  PCS-G as requested by D. Ward of the  E X - G  design group. 

d. The mercury i n l e t  cone w a s  modified by decreasing the  

The lengths were length of t h e  pressure taps  and adding t h e  evacuation port. 

shortened so tha t  t he  condenser ins ta l la t ion  bracketry could be slipped over 

t he  mercury i n l e t  and mate with the  flange without interference. 

e. The cylinder shown attached to the  cone of the  mercury 

in l e t  replaces the  flange and bellows called f o r  on the  previous design. 

cylinder i s  made of low a l loy  s t e e l  f o r  resistance t o  mercury corrosion and t o  

allow welding t o  the  turbine assembly exhaust without post-welding heat t r e a t .  

The 

f .  The NaK outlet  manifold and tube were made of a two- 

piece forging welded along i t s  g i r th .  

3-inch diameter heat re ject ion loop piping required f o r  the  PCS-G a t  the new 

design point conditions. The manifold assembly can be s l i d  over t he  smaller 
end of the tube bundle, moved along to t h e  position shown and welded in to  place. 

Its s i ze  w a s  increased to accept t he  

g. 
the  same manner as  t h e  out le t  manifold, s l i d  in to  position and welded. 

s p l i t t e r  shown, i s  placed in to  the  manifold pr ior  t o  making the  g i r t h  weld, 

i t s  purpose being t o  decrease pressure drop by more evenly supplying NaK t o  the  

12 NaK i n l e t  or i f ices .  

The NaK out le t  manifold and tube assembly is  made i n  
The flow 

h. The mercury out le t  dome was redesigned fo r  one-piece 

construction t o  increase i t s  strength and reduce stresses.  The material  i s  

type 316 s ta in less  s t e e l  to obviate the  need f o r  a t rans i t ion  weld from the  

condenser to the  PCS-G piping. 

All drawings have been reviewed by production, materials, 

s t ress ,  qual i ty  assurance and PCS-G systems personnel. 
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3. Stress Analyses 

A l l  modified condenser par ts  were analyzed by the  Stress 

Group to evaluate s t ruc tura l  in tegr i ty  a t  a maximum operating temperature of 

glO°F and a maximum operating pressure of 110 PSIA. 

chosen i n  conformance with the  ground r u l e  tha t  any redesign of a component 

should be based on the  or iginal  PCS-G s t a t e  point conditions, if practical ,  

instead of t h e  l e s s  severe conditions indicated by the  21  April  1970 state point. 

These conditions were 

The modified condenser design meets a l l  t h e  s t r e s s  c r i t e r i a  

as noted i n  Appendix B. 

cylinder material  (mild steel) w a s  acceptable f o r  t he  application if  some 

yielding i s  allowed. 

res is tant ,  t h a t  it be capable of high temperature (67OOF) operation and tha t  t he  

material be such tha t  it can be welded without s t r e s s  r e l i e f  heat t r e a t  (so 

The s t r e s s  analysis showed that t he  mercury i n l e t  

The requirements t ha t  the  cylinder be mercury corrosion 

tha t  f i e l d  stress relief w i l l  not be 

The ef fec ts  of the  

a l so  analyzed i n  d e t a i l  and found t o  

111. DESIGN REVIE37 CKECK LIST 

required) were controlling factors .  

new method of condenser attachment were 

be acceptable. 

The Design Review Check L i s t ,  Appendix C, i s  an in tegra l  part of the  

design review documentation package as  required by Power Systems Division 

Procedure I - A ~ C .  

t h i s  task  i s  nothing more than a rework and modifications of an existing design 

tha t  has demonstrated excellent r e l i a b i l i t y .  

A failure modes and ef fec ts  analysis was not prepared since 

I V  * CLOSING RENABKS 

The design modifications t o  the  condenser discussed herein a re  acceptable 

to the  Systems Analysis Group fo r  use i n  the  PCS-G f o r  the  Combined Systems Test. 

They expect t ha t ,  based upon the  analyt ical  and experimental investigation tha t  

a re  currently underway*, t he  requirements and expected performance of a zero "g" 

SNAP-8 condenser w i l l  require additional changes such as added mercury tapered 

tubes, 

specification revision. 

These revised requirements w i l l  be incorporated i n  the  next condenser 

* To be published as "Analytical and Experimental Investigations of SNAP-8 
Condenser G-perat ion Extended in to  the  Choked-f low Region", TM 7994 : 70-631. 
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The detailed plans f o r  attachment of the  condenser t o  the  system piping, 

t he  turbine al ternator  assembly and the  frame mounting were coordinated with 

the  personnel responsible f o r  such interfaces.  

Fabrication techniques were analyzed t o  determine the most economical, 

simplest, and most expeditious methods of manufacturing the  modified condenser 

without jeopardizing the  in tegr i ty  of t he  condenser s h e l l  and tube bundle. 

Although the ~ w - 8  Program does not include t h e  tes t ing  of t h e  modified 

condensers i n  a l iquid metal operating system, the  extent of t he  modifications 

do not appear t o  be suff ic ient  t o  a f fec t  t he  past successful tes t ing  of l i k e  

units, nor does it appear t ha t  the  environmental results on a l i k e  unit  w i l l  be 

any different  . 
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Dept. 4927 

Condenser t o  TAA 
Subject Condenser Tnterface HIT. Tnlpt,  mii 

Reference (s ) 

ANALYSIS NO. SA-C-128 

DATE 5 -14-70 

H. b row 

U. A. Eneda 

S. R. Pope 

SUMMARY OF ANALYSIS 

I 

Engineer J. Rten Approved 

Project Sl~App-8 Component Condenser I D i s  t r i b u t i  on : 

File:  SS 1070-03 

E. S. Chalpin I Transition Structure 
Part Condenser PCS-G Drawing No. 1268340 

1 OBJECTIVE : 

To evaluate the  s t ruc tu ra l  i n t eg r i ty  of condenser interface a t  the  Hg i n l e t  end. 

ASSUMPTIONS : 
Conditions Analyzed : 

1. 
2. 

Complete f i x i t y  a t  the  condenses: flange and a t  the TAA exhaust s t ruchxe .  
Same as Cond. 1, except assmed 25% f i x i t y  a t  Rg i n l e t  end. 

RF,FERENCES (Analysis Methods): 

AGC Specification 10625, the  design conditions are:  
1. 
2. 

14 lbs/ in  2 i n t e rna l  pressure. 
Steady state operating tempemture 670°F. 

RESULTS AND CONCLUSIONS: 

Results of the Fini te  Element Analysis using IBM Computer Program E11401, indicate 
t h a t  c r i t i c a l  pa r t  i s  the  low carbon s t e e l  (C-1015) area which has an an allowable 

F' = 19,500 1bs/in2 at  67OoF 
t Y  

Condition Oe f f  Estimated Low Cycle Fatigue 

1 26,126 p s i  170 cycles 
2 23,840 psi 750 cycles 

l33COMMENDATTONS AND COMMENTS: 

1. 
2. 

3.  

Low carbon s t e e l  C-1015 park of the  assembly be replaced by a higher strength metal. 
Accept t h i s  part based on AGC Sgecification 10625, Para. 3.1.2.3.1 fo r  100 s t a r tup  
and  shutdown sequences of operation during i t s  operating l i f e .  
Conduct s t ruc tu ra l  analysis of t he  integrated system to evaluate the  e f fec ts  of 
the mounts and supports s t ructure .  
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Dept. 4927 

Project SuAP-8 Component Condenser 

Brt Plenum Mercury Exit  Drawing No. Sketch 

Sub j e c t d A n a l N . s e s , m  be Y 

Reference (s ) F i n i t e  Element Comp. Program - E-11401 

ANALYSIS NO. SA- C- / 2  &-/9. 

D i s  t r i b u t i  on : 

G. Lombard 

E. &alpin (&el.  ) 

H. b r o w  

DATE 5 fiy 1970 

OBJECTIVE: f 
Perform Fini te  Element Analyses of Plenum Dome. t o  determine s t r u c t u r a l  i n t e g r i t y  
of two a l t e r n a t e  configurations being proposed. 

ASSUMPTIONS : 

Design C r i t e r i a  per Spec.: AGC 10670 
AGC 70143 

REFERENCES (Analysis Methods ) : 

Program E-11401 

FESULTS AND CONCLUSIONS: 

Results indicate  l o w  s t r e s s  l e v e l s  a t  a l l  points  of s h e l l .  
Maximum stress l e v e l s  a r e :  

No c r i t i c a l  zones. 

Config. #1 - Element #I76 - = 2790 p s i  Max. 

Config. #2 - Element #73 - = 2472 psi Max. 

RECOMMENDA'I?ONS AND COMMENTS : 

Accept design as shown. 
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Dept. 4927 

Part Condenser PCS -G Drawing No. 1268340 

Subject S t ruc tura l  Analyses - Modified Manifold ( I n l e t  and Outlet 1 

.RY OF, 

E .  ChalDin 

G. Lombard 

ANAT_IYSIS NO. SA- c-127 

DATE 8 April  1970 

NALYSIS 

Project SIMP-8 Component Cond ens e r Distr ibut ion : 

F i l e  I Reference( s )) 
( 2 )  Dwgs: 1268340 1268343 1268346 

1268341 1268344 I 
File:  SS lLo7O-03 I 1268342 

Engineer 0. H.  Can0 

~ ~ J E C T U E :  To evaluate the s t r u c t u r a l  i n t e g r i t y  of modified condenser and par t s  

AsSU'Mp'I'IoNs: Previous analyses and tests ver i fy  s t r u c t u r a l  components not covered 
by modifications. New analyses not required for these i tems. 

/ Analyses only of new areas performed. 

REFERENCES (Analysis Methods ) : 

- 

RESULTS AND ~ O ~ ~ ~ u s I O ~ s :  Analyses shows ample margins i n  the areas invest igated.  
Cr5teria c a l l s  for design t o  110 ps i  a t  910°F. 
of project  personnel ind ica tes  t h a t  this c r i t e r i a  i s  very 
conservative - 
(Transi t ion Dwg - Recommend inspection of commercial grade 
Mat '1 Dwg #I268346 ) 

Experience 

Some minor notes made t o  drawings. 

RECCrMMENDATTONS AND COMNZNTS: Sign-off - 
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NO. I-A& 
Page 1 of I2 

POWER SYSTEMS DIVISION 

DESIGN REVIEW CHECK LIST 

SUBJECT UNDER KEVIEW (Name, Part No. : Condenser, PCS-G 

P/N 1268340 

"his Design Review Check L i s t  i s  an in t eg ra l  part of the design review 
documentation package, required by Power Systems Division Procedure I-AGC, 
"Design Review man. I' 

The items specified on the Design Review Check L i s t  provide the basis  f o r  
a comprehensive review. However, they are not necessarily a l l  inclusive. The 
design engineer s h a l l  be guided by the basic  requirement f o r  a thorough and 
detai led evaluation of a design, as s ta ted  under Section 3,  "SCOPE," of this 
procedure, and s h a l l  expand the l i s t  where necessary. 

Check L i s t  en t r i e s  shown herein provide current information on the design 
under review and are  intended t o  r e f l e c t  the basis fo r  and readiness of the 
design f o r  en t ry  i n t o  i t s  next evolutionary phase. 

E V I E W E D  BY: PHESENTED BY: 

Quality Assurance Date 

DESIm ABPWVAL: 

492 5 : 66 : 1.07 c-2 



PSD DESIGN REVIEW CHECK LIST 

SUBJECT NAME: CONDENSER, PCS-G 

Item No. General 

1. 

2. 

3. 

4. 

5 .  

6 ,  

7;. 

8. 

9. 

10. 

11. 

12 0 

13 

14. 

15 

Is the basic design objective clearly defined? 

Are the performance parameters and output requirements 
definitive and not subject to misinterpretation? 

Are performance tolerances delineated? 

Are failure criteria delineated? 

Were alternate designs considered in selecting the 
present design? 

Were redundancy needs analyzed and results used in the 
design? 

Were simplification techniques applied? 

Was a failure modes and effects analysis made? 

Have adequate safety margins been incorporated for each 
important failure mode? 

If item has a limited life, is it so designated? 

Have maintainability requirements been considered? 

Have previous test data and failu2e reports been 
reviewed and results used in the design? 

Is the method of component identification specified? 
(The method of marking and location must be compatible 
with use-environment . ) 
If documentation of inspection findings is required, art 
the characteristics to be observed and their frequency 
and method of inspectim defined? 

If operational or functional acceptance testing is 
required, are the parameters, mode of testing, and 
e quipme nt defined? 

4925: 66: 107 c- 3 
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FSD bESIGN REVIEW CHECK LIST 

SUBJECT NAME: 

DESIGN ENGINEER: IlbAm 

Item No. General 

16. 

17 

18. 

19 

20 * 

21. 

22. 

23 

24 

25. 

26. 

Are required special  inspection equipments, tools, and 
gages defined? 

Has a procurement plan folr th i s  material been 
established? 

'.: 

Have gwliPied and preferred par ts  been used where 
applicable? 

Is the design notebook and f i l e  up t o  date and ready 
f or audit? 

Have provisions been made fo r  preservation, packaging, 
handling, storage, and shipping? 

Were trade-off studies made and u t i l i zed  i n  selecting 
the design? 

Does the design minimize the probability of human 
errors during instal la t ion,  checkout, and operation, 
such as reversed connections, mrts installed backward, 
no lubrication during startup, etc.? 

Does the design make appropriate use of "fail-safe" 
devices or techniques ? 

Does the design comply w i t h  a l l  applicable specifica- 
tions? 

Were the action items from the previous Design %view 
carried out? 

Is the design compatible w i t h  the requirements of the 
end i t e m ?  

c-4 

- 
m 

- - 

X 

X 

X 

X 

X 

X 

X 

X 



FSD DESIGN RENIEW CHECK LIST 

SUBJECT NAME: 

DESIGN ENGINEER: DAm 

1.. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 

Mechanical 

Has a stress analysis been made? 

lave areas of high s t r e s s  concentrations such as sharp 
corners, rad i i ,  and re-entrant angles been eliminated? 

Has a thermal analysis been mde? 

Is thermal expansion l i ke ly  t o  have adverse effects  on 
dimensions and tolerances? 

Has a tolerance analysis been made t o  ver i fy  proper 
f i t t i n g  of parts under exCremes of tolerance buildup? 

D i d  the tolerance analysis consider operating loads and 
temperatures? 

Were s t a t i c ,  dynamic and magnetic balances and their 
tolerances considered? 

Has a wearout analysis f o r  all rubbing and ro l l ing  parts 
been made? 

Have the inStallation torques and tolerances of a l l  
fasteners and their stress effects  been evaluiitted? 

Is the inspectabil i ty of the component assured? 
the t rue positioning and contour requirements designed 
t o  enable inspection of par t? )  

(Are 

Has the mechanical compatibility with the complete 
system been verified? 

Does mechanical design re f lec t  simplest method, from 
manufacturing view, t o  meet needed parameters? 

Were environmental effects  (including those of nuclear 
radiation) considered along with safety requirements 
during design? 

c-5 
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I%D DESIGN REVIEW CHECK LIST 
i 

SUBJECT NAME: 

DESIGN ENGINEER: DATE 2 

I t e m  No. E lec t r i ca l  

1. 

2. 

3. 

4, 

7. 

8. 

9. 

10. 

11. 

12 

Are the design essent ia l s  adequately defined, including 
performance, longevity, and repe t i t ive  operation 
=e quirement s 7 

Is the  design compatible with the  l i f e  cycle conditions 
t o  which the equipment w i l l  be exposed? 

Have the s t a b i l i t y  and dr i f t  requirements and the  
e f fec ts  of environments on these charac te r i s t ics  been 
considered? 

Was a simplif icat ion study made and applied? 

Is redundancy employed where beneficial;  are possible 
side ef fec ts  taken i n t o  consideration? 

Were r e l i a b i l i t y  charac te r i s t ics  considered and 
documented i n  par t s  and materials selection? 

Are the  par t  tolerances consistent with design 
requirement s? 

Was adequate derating employed, including su9ficien-b 
margin f o r  t rans ien ts  and other excessive s t resses?  

Can the parks operation r e su l t  i n  undesirable conditions 
of temperature, voltage, current, or RFI f o r  other 
par t s  or assemblies? 
design? 

If so, was t h i s  in fo  used i n  the  

Are the d i e l e c t r i c  breakdown and insulat ion resis tance 
propkrties adequate f o r  the  most severe environments? 

Is hermetic seal ing employed where beneficial? 

Are type of connections employed r e l i ab le?  

C-6 
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. k  . -  

PSD IXSIGN REVIEW CHECK LIST 

SUBJECT NAME: 

P/N 

DESIGN ENGINEER: DATE 

Item No. Elec t r ica l  

13, 

14, 

Have a l l  applicable specifications been called out? 

Have the preferred par ts  l i s ts  (JPL Specification 
no. 20061c and CSFC-PPL-1) been used? 

15, Has expected hot sp&t temperatures been detemnined 
and considered? 

16. Has effect  of component operation on primary power 
wave form been considered? 

17. Has nuclear radiation environment effects  been 
considered? 

- NOTE: The following e l ec t r i ca l  characterist ics should be 
considered: inductance, capacttance, resistance, 
sensi t ivi ty ,  leakage, insulation, sh-lelding; 
distortion, gain, phase, attenuation; slope, 
harmonics, eddy currents; time, spikes, peaks, 
contact resistance, contact ra t ing,  torque, wire size 

4925: 66: 107 
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PSD DESIGN REVIEW CHECK GIST 

DESIGN ENGINEER: urn 

1. 

2. 

31 

4. 

6. 

7. 

a. 

9. 

10. 

11. 

Materials 

Are a l l  materials adequately ident i f ied by MIL, Fed, 
AGC, or comparable specifications?* 

. 

Is the source of supply specified fo r  qualified/ 
preferred materials? 

Are the strength characterist ics of the  materials 
including tensi le ,  compressive, shear, yield, bending, 
creep, and fatigue sat isfactory f o r  intended use? 

Is each material employed within l i m i t s  defined by i t s  
endurance l i m i t  curve 

Have adequate safety margins been used $0 provide 
protection from fa i lu re  due t o  corrosion, vibration, 
shock, fatigue,  and other stress factors?  

Are the  hardness, duc t i l i ty ,  and other character is t ics  
sui table  f o r  both the manufacturing processes and 
application? 

W i l l  the material character is t ics  be s ignif icant ly  
changed by exposure t o  environments, par t icular ly  
radiation? 

Are the special  inspection and t e s t  processes 
compatible with the par t s  and materials? 

Are the thermal expansion character is t ics  suitable 
fo r  the intended use? 

W i l l  the materials be compatible with mating parts,  
f luids ,  and gases and not ac t  as  ca ta ly t ic  agents? 

Does each material have sui table  e l ec t r i ca l  and 
magnetic properties f o r  i t s  application? 

* The order of precedence fo r  specifications must meet 
MIL-STD-143 requirements. 

I 

492 5 : 66 : 3.07 
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PSD DESIGN REVIE37 CHECK LIST 

SUBJECT NAME:: 

P /N  

: DESIGN ENGINEER: nAm 

Item No. Materials 

12. Have adeqwte metallurgical controls been imposed t o  
assure tha t  each material conforms t o  its 
specificatton? 

13. 

14. 

Are all tolerances specified and are  they compatible 
with the materials and required manufacturing methods? 

If mechanical , metallurgical , and/or chemical tes t ing  
i e  required, are  the necessary samples, coupons, or 
test  bars defined, and t e s t  methods established? 

4925: 66: 1-07 
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PSIj DESIGN REVIEW CHECK LIST Page 9 of 12 

SUBJECT NAME: 

P/N 

DESIGN ENGINEER: DATE 

Item No. Manufacturina Processes 

1. 

2. 

3. 

4. 

5. 

6. 

7-  

a. 

9- 

10. 

11. 

12. 

13 

14. 

Are the specified fabricat ion methods suited t o  the 
design and materials ? 

A r e  the process capabi l i t les  consistent with component 
requirements ? 

Is heat t reat ing,  stress r e l i e f ,  n i t r i t i ng ,  flame 
hardening, or other special  process required? 

W i l l  processing and assenibly a f f ec t  the dimensions? 

Are process specifications and tolerances designated? 

Are requirements a f t e r  processing and assembly 
specified? 

Have joining methods (welding, brazing, soldering, 
fastening) been selected t o  minimize e f f ec t  on 
tolerances and par t  variations ? 

Are special  inspection and t e s t  processes such as 
radiograph, helium leak test, and penetrant dye check 
required ? 

If so, are  acceptance c r i t e r i a  specified? 

Has the most sui table  cleaning method been specified? 

Is a protective coating required? 

If so, w i l l  protective coating a f f ec t  mating parts?' 

Are spec ia l  assemBly requirements such as slignment, 
torque, lock w i r i n g ,  s t a t i c  balancing, or dynamic 
balancing defined and documented ? 

Is there an assembly instruct ion or specif icat ion? 

c-10 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

AGC 10625 

AGC 10625 

~ w g  . 1268340-1 

Dwg . 1268340-1 

AGC 10448 



E D  DESIGN REVIEW CHECK LIST Page 10 of 12 

> 

i 

'! 

1. 

SUBJECT NAME: 

DESIGN EXGINEER: r?Am 

I t e m  No. h@nurf$.c turing FY oces s es 

15  

16. 

17. 

18. 

19 

20. 

21. 

Are the clean room environmental characterist ics 
defined (such as  maximum par t ic le  size, count, 
temperature, flow ra te ,  e tc .  )? 

Are there special  packaging, handling, or  storage 
requirements ? 

Are the special  process operator and equipment 
qualification requirements specified? 

Are the surface f inish,  waviness, and l ay  adequately 
defined? 

Are workmanship acceptance standards defined? 

Are the applicable workmanship specifications 
referenced? 

Is a Build-up and Assembly Log required? 

c-11 
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PSD DESIGN BgrvI3lM CHECK LTST 

SUBJECT NAME: + 
I 

Item No. Environment 

1. 

2, 

3. 

4. 

6 .  

Have the environmental exposures, levels, and durations 
been ful ly  determined? 

Have the environmental effects on component performance 
longevity, and reliability been evaluated? 

Does operation of the component generate environments 
which are detrimental to the component or to other 
assemblies or subsystem? 

Can the component withetand external and self- 
generated environments without employment of isolation 
devices 7 

Is adequate protection from environments specified in 
detail where required? 

Were the relationships between environments and modes 
of failke considered in the failure mode and effects 
analys is 7 

NOTE: The followingsaWironments should be considered: 
heat, cold, d h R m l  shock, high pressure, vacuum, 
pressure shock, humidity; vibration, acoustic 
noise, acceleration, shock, RFI-radiated, RFI- 
conducted, RFI-susceptibility; explosive atmosphere, 
solar radiation, nuclear radiation, salt atmosphere, 
fungus, meteoroids, zero-gravity, sand, dust, wind, 

c-12 
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E D  DEBIGN RBYIEW CHECK LIST 

SUBJXCT NAME: ’ 

DESIGN ENGINEER: DATE 

Item No. 

___ 

Instrumentation 

1. 

3- 

4. 

5. 

6 .  

7. 

8. 

Have accuracy.and precision requirements been 
specified for performance paramktfrers? 

Have provisions been made for instrumentation to meet 
these requirements? 

Have sensor InstalLation requirements, including 
hermetic sealing and removal or replacement, been 
considered? 

Will the insertion of sensors affect the operation 
of the comgonent? 

Is adequate instrumentation available for anticipated 
operating conditions? 

Is an instnunentation development program necessary? 

Are written calibration instructions available for  
the calibration of data gathering equipment? 

Has an adequate and reliable instrumentation wiring 
system been defined? 

i 
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